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Abstract
Background: New national guidelines recommend more restricted fluid intake and early initiation of total parenteral
nutrition (TPN) in very preterm infants. The aim was study the effect of these guidelines on serum sodium and potassium
levels and fluid balance in the first three days after birth.
Methods: Two cohorts of infants ,28 weeks gestational age, born at the Leiden University Medical Center in the
Netherlands, were compared retrospectively before (2002–2004, late-TPN) and after (2006–2007, early-TPN) introduction of
the new Dutch guideline. Outcome measures were serum sodium and potassium levels, diuresis, and changes in body
weight in the first three postnatal days.
Results: In the first three postnatal days no differences between late-TPN (N=70) and early-TPN cohort (N=73) in mean (SD)
serum sodium (141.1 (3.8) vs 141.0 (3.7) mmol/l) or potassium (4.3 (0.5) vs 4.3 (0.5) mmol/l) were found, but in the early-TPN
cohort diuresis (4.5 (1.6) vs 3.2 (1.4) ml/kg/h) and loss of body weight were decreased (26.0% (7.7) vs 20.8% (8.0)).
Conclusions: Initiation of TPN immediately after birth and restricted fluid intake in very preterm infants do not seem to
influence serum sodium and potassium levels in first three postnatal days. Further research is needed to see if a decreased
diuresis and loss of body weight in the first days is the result of a delayed postnatal adaptation or better energy balance.
Citation: Elstgeest LE, Martens SE, Lopriore E, Walther FJ, te Pas AB (2010) Does Parenteral Nutrition Influence Electrolyte and Fluid Balance in Preterm Infants in
the First Days after Birth? PLoS ONE 5(2): e9033. doi:10.1371/journal.pone.0009033
Editor: Rory Edward Morty, University of Giessen Lung Center, Germany
Received November 2, 2009; Accepted January 14, 2010; Published February 3, 2010
Copyright:  2010 Elstgeest et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
Funding: The authors have no support or funding to report.
Competing Interests: The authors have declared that no competing interests exist.
* E-mail: a.b.te_pas@lumc.nl
Introduction
During the first days of life very preterm infants are almost
entirely dependent on total parenteral nutrition (TPN) to meet
their energy and nutritional requirements.[1] Soon after birth
preterm infants are at risk for catabolism. Early administration of
TPN, including amino acids, directly after birth has beneficial
effects on their nitrogen balance, neonatal growth, and health.[1–
3] Intake of fluid and electrolytes is accomplished by TPN as well.
Adequate management of fluid and electrolytes is essential in very
preterm infants to prevent morbidity and mortality.[4,5]
In the first postnatal days disturbances in the fluid and
electrolyte balance occur frequently in very preterm infants as a
result of high insensible water loss and renal immaturity.[6–9] This
imbalance can lead to major complications, such as neurological
impairment and cardiac arrhythmia caused by hypernatraemia
and hyperkalaemia respectively.[4,9–11] Other complications can
result from a delayed loss of interstitial fluid from the extracellular
fluid compartment, clinically indicated by a delayed postnatal
weight loss.[4,6,12] Persistent expansion of the extracellular fluid
compartment and retention of interstitial fluid are associated with
an increased risk of respiratory morbidity [13–16], patent ductus
arteriosus [17–19], and necrotising enterocolitis.[19,20]
Although it is difficult to ascertain requirements of fluid and
electrolytes, some general recommendations have been made.
Intake of fluid should be restricted.[7,8,19] Administration of
sodium should be started after the onset of postnatal diuresis and
natriuresis from the second or third day after birth, or when weight
loss of at least 6%of birth weight has beenachieved.[1,5–8,21,22]It
is also recommended to delay supplementation of potassium until
diuresis has started and renal function is clearly established.[1,6,8]
In 2005 the fluid and nutrition guidelines at our neonatal center
have been changed. The changes were based on recent national
guidelines.[23] Major modifications in the new regimen were (1)
initiation of TPN, including sodium and potassium, immediately
after birth and (2) restriction of fluid intake.
We performed a retrospective study to investigate whether the
changes in fluid and nutrition policy had effect on (1) serum
sodium and potassium levels and on (2) diuresis and changes in
body weight in the first days after birth.
Methods
All inborn infants less than 28 weeks’ gestation, admitted to the
neonatal intensive care unit of the Leiden University Medical
Center between 1 January 2002 and 31 December 2004 (late TPN
cohort), and between 1 January 2006 and 31 December 2007
(early TPN cohort), were retrospectively identified. Infants who
died within 72 hours after birth or with severe congenital
anomalies were excluded. Infants born in 2005 were not included
to prevent a bias due to an adjustment period after the
introduction of the new national fluid and nutrition guideline.
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Intake of fluid, sodium, and potassium in the first 72 hours after
birth for the former and new guideline are shown in table 1.
In the late TPN cohort fluid administration was started at 80–
120 ml/kg/day and increased by 20 ml/kg/day to a maximum of
160 ml/kg/day. Preterm infants received glucose with calcium
intravenously for approximately the first 36 hours after birth.
Thereafter, depending on the infants’ condition, and renal and
liver functions, infusion of glucose with minerals was started or
TPN, including glucose, amino acids, lipids, and minerals. When
glucose with minerals was started, this was as soon as possible
replaced by TPN. Glucose with minerals and the amino acid
infusion of TPN both contained sodium and potassium.
In the early TPN cohort fluid administration started at 60–
80 ml/kg/day increasing by 20 ml/kg/day to a maximum of
150 ml/kg/day. Furthermore, TPN was started as soon as possible
after birth, resulting in an administration of sodium and potassium
generally within the first postnatal hour.
In both cohorts minimal enteral feeding was started in the first
day after birth.
Data Collection
The following demographical and clinical characteristics were
collected from medical records: gender, gestational age, birth weight,
intrauterine growth retardation (IUGR, birth weight ,3rd percentile),
(use of) antenatal steroids ¸ multiple gestation, and Apgar score at 5
minutes. From the first three days after birth data were collected on use
of antibiotics, placement of umbilical arterial lines, volume expansion
with normal saline (NaCl 0.9%), albumin, fresh frozen plasma, or
pasteurised plasma protein solution, sodium bicarbonate admin-
istration, and erythrocyte transfusions. CRIB (Clinical Risk Index for
Babies) scores were calculated for each infant by adding up the
individual scores of six parameters (birth weight, gestational age,
congenital malformations, maximumb a s ee x c e s si nt h ef i r s t1 2h o u r s
after birth, and minimum and maximum fraction of inspired oxygen in
the first 12 hours after birth).[24]
Outcome variables included serum sodium and potassium levels in
the first three days of life. Serum concentrations of both electrolytes
were noted starting from 6 hours after birth and noted every 6 hours,
resulting in 12 measurements in the first 72 hours after birth. We
defined hypernatraemia, hyponatraemia, hyperkalaemia, and hypo-
kalaemiaasrespectively: serumsodium$150 mmol/l,serumsodium
#130 mmol/l, serum potassium $6.5 mmol/l, and serum potassi-
um #3.5 mmol/l, at least once during the first three days of life.
Data were collected on urine output in the first three days after birth
and body weight on postnatal days 1, 2, 3, 14, and 21. Changes in body
weight as percentage of birth weight were calculated. Other clinical
outcomes recorded included: need and duration of mechanical
ventilation, surfactant treatment, patent ductus arteriosus, necrotising
enterocolitis, intraventricular hemorrhage, cystic periventricular leu-
comalacia, and retinopathy of prematurity. Most preterm infants are
already transferred to regional district hospitals with special care units
before they have reached the postnatal age of 36 weeks. We did not
record the incidence of bronchopulmonary dysplasia as different
policies of respiratory support and oxygen therapy would lead to a
major bias in comparing the incidence between both cohorts.
The actual total daily fluid intakes during the first three postnatal
days were noted and compared with those prescribed in the guidelines.
In the study period there were no other major changes in
antenatal care, regimens, and protocols that could influence the
electrolyte or fluid balance in the first three days after birth.
Statistical Analyses
Data are presented as mean and standard deviation (SD) for
normally skewed continuous variables or as median and
Table 1. Fluid and nutrition guidelines for the late and early TPN cohort.
FORMER GUIDELINE 2002, 2003, 2004 Day 1 Day 2 START TPN Day 3
Birth weight (gr) 0–24 h 24–36 h 36–48 h 48–72 h
,750 Fluid intake 120 140 160
Sodium intake 0 0 1.44 3.25
Potassium intake 0 0 0.40 1.11
750–1000 Fluid intake 100 120 140
Sodium intake 0 0 1.15 2.67
Potassium intake 0 0 0.34 0.99
1000–1250 Fluid intake 80 100 120
Sodium intake 0 0 1.00 2.38
Potassium intake 0 0 0.31 0.93
NEW GUIDELINE 2006, 2007 Day 1 START TPN Day 2 Day 3
Birth weight (gr) 0–24 h 24–48 h 48–72 h
,1000 Fluid intake 80 100 120
Sodium intake 1.80 2.15 2.57
Potassium intake 0.81 1.31 1.25
1000–1500 Fluid intake 60 80 100
Sodium intake 1.22 1.66 1.99
Potassium intake 0.69 0.94 1.13
Fluid intake is in mL/kg, Sodium and Potassium is in mmol/kg.
doi:10.1371/journal.pone.0009033.t001
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and proportions (%) for categorical variables. All comparisons
between the late and early TPN cohort were performed by
using independent Student’s t test for parametric and the
Mann-Whitney U test for non-parametric continuous vari-
ables, and x
2- t e s to rF i s h e r ’ se x a c tt e s tf o rc a t e g o r i c a l
variables. Multivariable regression analysis was performed to
adjust for possible confounding effects of additional sodium
sources. Results of logistic models are presented as an odds
ratio (OR) with 95% confidence interval (CI). Reported P-
values are based on two-sided testing, and P-values ,0.05 were
considered statistically significant. All statistical analyses were
carried out using SPSS (SPSS for Windows, version 16.0, 2008,
Chicago, IL).
Ethics and consent. Due to the retrospective character of
this study, approval of the Research Ethics Committee in our
hospital was not needed. According to Dutch legislation written
parental consent was not needed for this retrospective study.
Data collected from medical records were stored with study
numbers, but not with patient identifiers. The list of study
numbers linked with patient identifiers are kept in a locked filing
cabinet.
Results
During both study periods a total of 166 (late TPN cohort
vs early TPN cohort: 83 vs 83) inborn infants with gestational age
,28 weeks were admitted to the neonatal unit. Twenty-three
infants were excluded: 20 infants (11 vs 9) died within 72 hours
after birth, one infant (in the early TPN cohort) was excluded
because of severe fetal hydrops, and two infants (in the late TPN
cohort) had incomplete medical records. The 20 infants who died
within 72 hours had electrolyte levels within the normal range.
Data of 143 infants were analysed.
There were no significant differences in demographic and
clinical characteristics between both cohorts (table 2).
Electrolyte Levels
There were no significant differences in serum sodium and
potassium concentrations between the late and early TPN cohort
in the first 72 hours after birth (table 3). When adjusted for other
sources of sodium, such as infusions of normal saline and sodium
bicarbonate administration, no significant differences were found.
Incidences of hypernatraemia and hyponatraemia were not
different between the late TPN cohort and the early TPN cohort
(hypernatraemia: 17/70 (24%) vs 23/73 (32%) (P=0.34); hypona-
traemia: 17/70 (24%) vs 15/73 (21%) (P=0.59)). Also here, adjust-
ment for additional sodium sources did not influence these findings.
Hyperkalaemia developed in 7/70 (10%) infants in the late
TPN cohort, and in 6/73 (8%) infants in the early TPN cohort
(P=0.71). Hypokalaemia occurred in 25/70 (36%) vs 39/73 (53%)
infants (P=0.03; OR =2.1 (95% CI: 1.1–4.0)). There was no
significant difference in incidence of hyperkalaemia when an
arterial catheter was present in comparison to capillary sample (9/
113 (8%) vs 4/17 (19%); P=0.10).
Fluid Balance
Diuresis inthefirstthreedays afterbirthwassignificantlylowerin
the early compared with the late TPN cohort (figure 1). Changes in
body weight as percentage of birth weight are presented in figure 2.
Loss of body weight in the early TPN cohort was significantly less
than in the late TPN cohort on postnatal days 2 and 3. Infants from
the early TPN cohort had a significantly higher weight gain on day
14 and 21 than infants from the late TPN cohort (figure 2).
Total daily fluid intakes prescribed in the first three days differ
from the intakes recommended in the guidelines. In both cohorts
actual fluid intakes were higher than those recommended in the
guidelines (table 1 and 4). The mean extra fluid intakes were
significantly higher in the early than in the late TPN cohort (late
TPN cohort: on day 1, 2, and 3 respectively 2.2 (1.0), 3.9 (1.1), and
6.4 (1.4) ml/kg/day; early TPN cohort: 11.3 (1.3), 12.4 (1.4), and
12.6 (1.5) ml/kg/day; P,0.001).
Table 2. Demographic and clinical characteristics of the late and early TPN cohort.
Characteristic Late TPN Early TPN P-Value
n=70 n=73
Male gender, n (%) 38 (54) 45 (62) 0.4
Gestational age (weeks), median (IQR) 26 (26–27) 26 (26–27) 0.4
Birth weight (gr), mean (SD) 907 (172) 915 (171) 0.8
IUGR, n (%) 2 (3) 3 (4) 1.00*
Antenatal steroids, n(%) 55 (78) 59 (81) 0.7
Singletons, n (%) 38 (54) 50 (68) 0.1
Congenital malformations, n (%) 3 (4) 2 (3) 0.7
5-min Apgar score, median (IQR) 8 (7–9) 8 (6–9) 0.4
CRIB score, median (IQR) 4 (2–8) 3 (2–6) 0.3
Antibiotics in first 72 h, n (%) 69 (99) 72 (99) 1.0*
Arterial line, n (%) 62 (89) 60 (82) 0.3
Normal saline infusion in first 72 h (ml), median (IQR) 10 (7–20) 9 (0–20) 0.1
Albumin, pasteurised plasma protein, and fresh frozen plasma
infusions in first 72 h (ml), median (IQR)
0 (0–0) 0 (0–0) 0.6
Sodium bicarbonate administration in first 72 h (ml), median (IQR) 2.2 (1.0–3.8) 2.8 (1.5–4.9) 0.1
Erythrocyte transfusion in first 72 h (ml), median (IQR) 10 (0–15) 11 (0–17.5) 0.7
* Fisher’s exact (2-sided)
doi:10.1371/journal.pone.0009033.t002
TPN Direct after Birth
PLoS ONE | www.plosone.org 3 February 2010 | Volume 5 | Issue 2 | e9033Other Clinical Outcomes
There was no difference between the late and early TPN cohort
in the need of mechanical ventilation in the first 72 hours (61/70
(87%) vs 54/73 (75%); NS), total duration of mechanical
ventilation (median days [IQR]: 10 (3–19) vs 11 (3.5–17.5); NS),
and surfactant treatment (48/70 (70%) vs 48/73 (66%); NS). There
were no differences in patent ductus arteriosus needing medical or
surgical treatment (31/70 (44%) vs 33/73 (45%)), intraventricular
hemorrhage (. grade 2) (12/70 (17%) vs 10/73 (14%)),
necrotising enterocolitis ($ stage 2) (1/70 (1%) vs 1/73 (1%)),
and cystic periventricular leucomalacia (1/70 (1%) vs 2/73 (3%)).
None of the infants in both cohorts had severe retinopathy of the
premature (. grade 3).
Discussion
This study shows that an early administration of TPN and a
more restricted fluid intake had a very limited effect on serum
electrolytes in very preterm infants in the first three days after
birth. Very preterm infants may be able to regulate their
electrolyte balance to some degree by modifying renal sodium
and potassium excretion in the first days of life, especially during
the first 36 hours.[21] Our results underscore the view that
hypernatraemia is largely due to a high insensible water loss,
Table 3. Serum sodium and potassium levels in the first
72 hours after birth of the late and early TPN cohort.
Late TPN Early TPN P-Value
n=70 n=73
Sodium Mean (mmol/l), mean (SD) 141.0 (3.7) 141.1 (3.8) 0.91
Maximum (mmol/l),
mean (SD)
147.0 (4.3) 147.1 (4.6) 0.93
Minimum (mmol/l),
mean (SD)
133.7 (4.7) 133.3 (3.4) 0.56
Potassium Mean (mmol/l), mean (SD) 4.3 (0.5) 4.3 (0.5) 0.92
Maximum (mmol/l),
mean (SD)
5.2 (0.9) 5.3 (0.8) 0.39
Minimum (mmol/l),
mean (SD)
3.6 (0.4) 3.5 (0.4) 0.09
doi:10.1371/journal.pone.0009033.t003
Figure 1. Diuresis in the first days in both cohorts. Diuresis in the
first three days after birth in the late (square) and early (circle) TPN
cohort. Values are mean; error bars represent 95% CI.
doi:10.1371/journal.pone.0009033.g001
Figure 2. Changes in body weight in both cohorts. Change in
body weight as percentage of birth weight on days 1, 2, 3, 14, and 21
after birth for the late (square) and early (circle) TPN cohort. Values are
mean; error bars represent 95% CI. Due to hospital transfer or death,
valid values for day 14 and 21 are 44/70 (63%) and 37/70 (53%) for the
late TPN cohort, and 55/73 (75%) and 49/73 (67%) for the early TPN
cohort.
doi:10.1371/journal.pone.0009033.g002
Table 4. Actual fluid intake in the first three days after birth
of the late and early TPN cohort stratified by birth weight
group.
Late TPN cohort Day 1 Day 2 Day 3
Birth weight (gr)
,750 n=12 Fluid intake (ml/kg),
mean (SD)
118 (9) 139 (11) 160 (9)
750–
1000
n=40 Fluid intake (ml/kg),
mean (SD)
102 (6) 124 (8) 146 (11)
1000–
1500
n=18 Fluid intake (ml/kg),
mean (SD)
87 (10) 108 (10) 132 (11)
Early TPN cohort
Birth weight (gr)
,1000 n=48 Fluid intake (ml/kg),
mean (SD)
88 (9) 110 (11) 130 (13)
1000–
1500
n=25 Fluid intake (ml/kg),
mean (SD)
77 (12) 98 (12) 117 (12)
doi:10.1371/journal.pone.0009033.t004
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addition, our findings support that nonoliguric hyperkalaemia
does not result from a high or early potassium intake and other
causes should be considered. [10,26,27]
The incidence of hypernatraemia in our study was comparable
to previous reported incidences.[9] Interestingly, in both groups
hyperkalaemia occurred less often than reported in other
studies.[10,26,27] The lower incidence of hyperkalaemia may be
explained by the recent increased use of antenatal steroids.[5,27]
The timing of the introduction of sodium supplementation is a
controversial issue in neonatal intensive care medicine and has been
addressed by several studies.[11,13,21] Two small randomised
controlled trials reported lower serum sodium concentrations in
preterm infants when sodium intake was restricted from
birth.[11,21] Hartnoll et al[13] administrated sodium either on the
second day after birth or after a weight loss of 6%, and did not find
differences in serum sodium concentrations. We compared initiation
ofsodiumandpotassiumadministrationimmediatelyafterbirthwith
a moderate sodium and potassium administration started at about
36 hours. However, both cohorts received a substantial sodium
intake in the first postnatal days from sources such as sodium
bicarbonate, flush fluids (heparin saline), normal saline as volume
expander, blood products, and medications.[4] This ‘inadvertent’
sodium load limited the relative difference in total sodium intake in
the first days after delivery between both cohorts (table 1).
Our study also shows that the new fluid and nutrition guideline
resulted in significant lower urine output and a decreased
percentage of body weight loss in the first three days of life.
Although the actual fluid intakes were higher than recommended,
the decrease in diuresis could reflect the restricted fluid intake of
the new guideline. The decreased urine output and weight loss in
the first days could suggest that these infants were in better
nitrogen and energy balance.[28] However, since this weight loss
in the first days is mainly the result of a reduction in the
extracellular fluid compartment, a delay in postnatal adaptation
(fluid retention) could also be a possible explana-
tion.[4,6,7,12,15,21] Early and high sodium administration in
preterm infants with a limited ability to excrete sodium[21] will
favour persistent expansion of the extracellular fluid compartment
and retention of interstitial fluid.[12,22] This could result in
edema formation in the periphery and in the lung, which impedes
cardiopulmonary adaptation.[5,29]
Another explanation for the minimal weight loss in our early
TPN cohort in the first postnatal days is that early sodium
supplementation led to a gain in intracellular fluid volume and
body solids. Low postnatal weight loss was shown to be associated
with an increase in intracellular fluid volume, which suggests onset
of growth.[5,12,30] Also, if energy intake is adequate, early
postnatal weight loss can be accompanied by an increase in body
solids.[31] The retrospective character of the study can only
generate a hypothesis in this, but further research is needed to
confirm or invalidate the explanations.
Failure to lose body weight during the physiologic transition as a
resultofexcessfluidorsodiumintakehasrepeatedlybeenassociated
with complications of patent ductus arteriosus,[17–19] necrotising
enterocolitis [19,20], and respiratory morbidity[13–16] in preterm
infants. However, other studies did not find any associa-
tion.[9,11,25] This discrepancy might be explained by differences
in prescribed fluid intakes and definitions between the studies. The
lack of significant differences in the incidence of any of these
morbidities, need to taken with caution. The study undertaken was
retrospective and not designed to detect such differences. It is
difficult to show in a retrospective study if fluid and sodium intake is
relatedtoneonatalshortterm morbiditiesasmore factors couldplay
a role. For this a prospective study is needed.
Interestingly, we found considerable deviations from the
prescribed fluid intakes, especially intakes in the ‘restricted’ early
TPNcohortwerehigherthan recommended.Apparently,itwasnot
possible to adhere to the restricted fluid intake when an adequate
amount of TPN and other necessary infusions had to be given.
Possible bias attributable to an adjustment period was minimised, so
itseemsthat adherenceto the restricted total fluid intakesinthe new
guideline is more difficult in practice than anticipated.
The finding of a higher weight gain in the early TPN cohort on
day 14 and 21 support the beneficial effect of starting amino acids as
soon as possible after birth.[1–3] Studies have shown that early
administrationofthe aminoacidshaspositiveeffectsonthe nitrogen
balance, limiting catabolism, and improves postnatal growth.[1–3]
The retrospective character of this study is a major methodo-
logical limitation and the results should be interpreted with care.
However, other factors which might influence the fluid and
electrolyte balance did not change during the course of the study
periods. Additional data about sodium balance and body
composition would have strengthened our explanations for the
similarity in serum electrolytes and the body weight changes. A
prospective study design is warranted to definitely assess the effects
of a restricted fluid intake and an administration of TPN directly
after birth on the rearrangement of body fluids in very preterm
infants. Exposure to antenatal steroids might be taken into account
to assess their possible positive effects on skin, renal, and
pulmonary maturation,[5,6,13] thereby reducing IWL, the risk
of disturbances in electrolyte levels, and the risk of persistent
expansion of the ECF compartment respectively.
In summary, we have shown that an early initiation of TPN
immediately after birth combined with a restricted fluid intake in
very preterm infants had no influence on serum sodium and
potassium levels, but caused a reduced diuresis and lower postnatal
weight loss in the first three days of life. Further research is needed
to see if a decreased diuresis and loss of body weight in the first
days is the result of a delayed postnatal adaptation or better energy
balance. The early initiation of TPN also resulted in a higher
weight gain after 14 and 21 days after birth, which indicate an
early onset of growth. It is possible that the composition of TPN
needs to be adjusted to provide for early administration of amino
acids, but without sodium and potassium.
Author Contributions
Conceived and designed the experiments: LEE SEM EL FJW ABtP.
Performed the experiments: LEE ABtP. Analyzed the data: LEE EL ABtP.
Contributed reagents/materials/analysis tools: LEE SEM FJW ABtP.
Wrote the paper: LEE SEM EL FJW ABtP.
References
1. Poindexter BB, Leitch CA, Denne SC (2006) Nutrition and metabolism in the
high-risk neonate; Part 2 Parenteral nutrition. In: Martin RJ, Fanaroff AA,
Walsh MC, eds. Fanaroff and Martin’s Neonatal-Perinatal Medicine. 8th ed.
Philadelphia, Pa: Mosby. pp 679–693.
2. Te Braake FWJ, Van den Akker CHP, Riedijk MA, Van Goudoever JB (2007)
Parenteral amino acid and energy administration to premature infants in early
life. Semin Fetal Neonatal Med 12: 11–18.
3. Poindexter BB, Langer JC, Dusick AM, Ehrenkranz RA (2006) Early provision
of parenteral amino acids in extremely low birth weight infants: relation to
growth and neurodevelopmental outcome. J Pediatr 148: 300–305.
4. Bhatia J (2006) Fluid and electrolyte management in the very low birth weight
neonate. J Perinatol 26 Suppl 1: S19–21.
5. Puthoff TD (2004) Fluids and electrolytes management. Newborn Infant Nurs
Rev 4: 98–105.
TPN Direct after Birth
PLoS ONE | www.plosone.org 5 February 2010 | Volume 5 | Issue 2 | e90336. Dell KM, Davis ID (2006) Fluid, electrolyte, and acid-base homeostasis; Part 1
Fluid and electrolyte management. In: Martin RJ, Fanaroff AA, Walsh MC, eds.
Fanaroff and Martin’s Neonatal-Perinatal Medicine. 8th ed. Philadelphia, Pa:
Mosby. pp 695–703.
7. Aggarwal R, Deorari AK, Paul VK (2001) Fluid and electrolyte management in
term and preterm neonates. Indian J Pediatr 68: 1139–1142.
8. Modi N (2004) Management of fluid balance in the very immature neonate.
Arch Dis Child Fetal Neonatal Ed 89: F108–111.
9. Gawlowski Z, Aladangady N, Coen PG (2006) Hypernatraemia in preterm
infants born at less than 27 weeks gestation. J Paediatr Child Health 42:
771–774.
10. Mildenberger E, Versmold HT (2002) Pathogenesis and therapy of non-oliguric
hyperkalaemia of the premature infant. Eur J Pediatr 161: 415–422.
11. Costarino AT Jr, Gruskay JA, Corcoran L, Polin RA, Baumgart S (1992)
Sodium restriction versus daily maintenance replacement in very low birth
weight premature neonates: a randomized, blind therapeutic trial. J Pediatr 120:
99–106.
12. Hartnoll G, Be ´tre ´mieux P, Modi N (2000) Randomised controlled trial of
postnatal sodium supplementation on body composition in 25 to 30 week
gestational age infants. Arch Dis Child Fetal Neonatal Ed 82: F24–28.
13. Hartnoll G, Be ´tre ´mieux P, Modi N (2000) Randomised controlled trial of
postnatal sodium supplementation on oxygen dependency and body weight in
25–30 week gestational age infants. Arch Dis Child Fetal Neonatal Ed 82:
F19–23.
14. Van Marter LJ, Leviton A, Allred EN, Pagano M, Kuban KC (1990) Hydration
during the first days of life and the risk of bronchopulmonary dysplasia in low
birth weight infants. J Pediatr 116: 942–949.
15. Oh W, Poindexter BB, Perritt R, Lemons JA, Bauer CR, et al. (2005)
Association between fluid intake and weight loss during first ten days of life and
risk of bronchopulmonary dysplasia in extremely low birth weight infants, J
Pediatr 147: 789–790.
16. Wadhawan R, Oh W, Perritt R, Laptook AR, Poole K, et al. (2007) Association
between early postnatal weight loss and death or BPD in small and appropriate
for gestational age extremely low-birth-weight infants. J Perinatol 27: 359–364.
17. Bell EF, Warburton D, Stonestreet BS, Oh W (1980) Effect of fluid
administration on the development of symptomatic patient ductus arteriosus
and congestive heart failure in premature infants. N Engl J Med 302: 598–604.
18. Stevenson JG (1977) Fluid administration in the association of patent ductus
arteriosus complicating respiratory distress syndrome. J Pediatr 90: 257–261.
19. Bell EF, Acarregui MJ (2008) Restricted versus liberal water intake for
preventing morbidity and mortality in preterm infants. Cochrane Database
Syst Rev (1): CD000503.
20. Bell EF, Warburton D, Stonestreet B, Oh W (1979) High volume fluid intake
predisposes premature infants to necrotising enterocolitis. Lancet 2(8133): 90.
21. Shaffer GS, Meade M (1989) Sodium balance and extracellular volume
regulation in very low birth weight infants. J Pedriatr 115: 285–290.
22. Modi N (1993) Sodium intake and preterm babies. Arch Dis Child 69(1 Spec
No): 87–91.
23. Koolen AMP, Semmekrot BA, Sijstermans JMJ (2004) Vocht en elektrolyten. In:
Lafeber HN, Van Zoeren-Grobben D, Van Beek RHT, Gerards LJ, eds.Werk-
boek Enterale en parenterale voeding bij pasgeborenen. Sectie Neonatologie
van de Nederlandse Vereniging voor Kindergeneeskunde. 2
nd edition. pp 17–23.
24. The International Neonatal Network (1993) The CRIB (Clinical Risk Index for
Babies) score: a tool for assessing initial neonatal risk and comparing
performance of neonatal intensive care units. Lancet 342: 193–98.
25. Lorenz JM, Kleinman LI, Kotagal UR, Reller MD (1982) Water balance in very
low-birth-weight infants: relationship to water and sodium intake and effect on
outcome. J Pediatr 101: 423–432.
26. Lorenz JM, Kleinman LI, Markarian K (1997) Potassium metabolism in
extremely low birth weight infants in the first week of life. J Pediatr 131(1 Pt 1):
81–86.
27. Omar SA, DeCristofaro JD, Agarwal BI, LaGamma EF (2000) Effect of prenatal
steroids on potassium balance in extremely low birth weight neonates. Pediatrics
106: 561–567.
28. Van den Akker CHP, Te Braake FWJ, Wattimena DJL, Voortman G,
Schierbeek H, et al. (2006) Effects of early amino acid administration on leucine
and glucose kinetics in premature infants. Pediatr Res 59: 732–735.
29. Hartnoll G, Be ´tre ´mieux P, Modi N (2001) Randomised controlled trial of
postnatal sodium supplementation in infants of 25–30 weeks gestational age:
effects on cardiopulmonary adaptation. Arch Dis Child Fetal Neonatal Ed 85:
F29–32.
30. Heimler R, Doumas BT, Jendrzejczak BM, Nemeth PB, Hoffman RG, et al.
(1993) Relationship between nutrition, weight change, and fluid compartments
in preterm infants during the first week of life. J Pediatr 122: 110–114.
31. Tang W, Ridout D, Modi N (1997) Influence of respiratory distress syndrome on
body composition after preterm birth. Arch Dis Child Fetal Neonatal Ed 77:
F28–31.
TPN Direct after Birth
PLoS ONE | www.plosone.org 6 February 2010 | Volume 5 | Issue 2 | e9033